Introduction
Despite great advances made recently in organ donation, the number of patients in need of organs continues to surpass the number of organs donated (1) (2) (3) (4) . In Canada, among 4529 patients awaiting an organ, 247 died while on the waiting list in 2010 (4, 5) . This number is probably an underestimation because patients who become too ill to undergo transplantation are removed from waiting lists before death (6) . In many parts of the world, attempts have been made to increase the number of donors by streamlining the logistics of the organ donation process (6) (7) (8) . Among these, the use of physicians specialized in organ donor management (ODM) has the potential to increase the number of organs per donor (1, 2, 9) . In Canada, Canadian Blood Services and the Quebec Ministry of Health and Social Services have both called for structural innovation in the field of organ donation (10, 11) .
Over the past decade, several countries have successfully improved the overall organ donation process and increased organ availability (6, 8) . Spain implemented significant modifications in its organ transplantation network, including the use of designated procurement hospitals and dedicated organ donation physicians. Through these changes, the annual number of donors increased from 14 to 35 per million population (PMP), translating in 79.3 patients transplanted PMP (6, 8) . Centralizing donor management in its organ procurement organization's (OPO's) service area, an innovative organ procurement center in St. Louis, Missouri, increased the number of donors by 240% over a 10-year period (8) . In Canada, health representatives point out key factors to optimize organ procurement: (i) increased access to intensive care unit (ICU) beds and operating rooms (ORs), (ii) proper ODM performed by specialized physicians, (iii) concentration of expertise and centralization of services in designated centers, (iv) decreased delays in donor transfer, (v) and increased research efforts in the field of organ donation (10, 11) .
In an attempt to improve the deceased donor organ donation process and increase the number of organs available for transplantation, we created and implemented a specialized organ procurement center (OPC) with the financial support of the Quebec Ministry of Health and Social Services. The OPC gathers specialized multidisciplinary teams within a dedicated facility, with unrestricted access to ICU beds and ORs. Our aim was to improve access to resources to increase the number of organs donated. This paper describes the implementation and the results of this innovative structure in ODM in the first 2 years of activity.
Material and Methods
The OPC was created within the ICU structure of a university-affiliated tertiary care center. The Hôpital du Sacr e-Coeur de Montr eal (HSCM) is a multidisciplinary level 1 trauma center with 32 ICU beds. The OPC receives adult patients from 20 local and regional health care centers. The OPC offers access to all advanced diagnostic procedures and equipment required for ODM and organ retrieval. This new organizational approach centralizes all services necessary for ODM and organ retrieval, as illustrated in Figure 1 .
To improve efficiency of the process for donation after death, we aimed to facilitate potential organ donors' access to ICU beds and ORs. Two ICU beds and one OR are dedicated at all times to the OPC. A critical care physician is available at all times to offer telephone consultations to any referring center. The OPC receives the donor within 1 h maximum of a transfer request, 24 h a day, 7 days a week. A dedicated critical care physician directly manages the potential organ donors during the entire period of organ recruitment and allocation. The OPC maintains appropriate staffing, with a team of nurses on call for both bedside care and OR duties, in addition to the participation of multidisciplinary staff (Table 1) . A pathologist is on call 24 h, 7 days a week for consultations during both ODM and retrieval procedures. In addition, a representative of the provincial OPO (Transplant Quebec) is always dispatched to the OPC to coordinate organ allocation and collaborates closely with the OPC team during the entire process.
Three conditions are mandatory prior to transfer to the OPC for donation after brain death (DBD): (i) Organ donation consent is obtained from a patient relative; (ii) coroner agreement, if needed, is obtained; and (iii) brain death diagnosis is confirmed or highly suspected clinically by the referring physician. In the latter case, our OPC provided access to ancillary studies to confirm the suspected brain death. For cases in which the neurologic prognosis of a potential donor was unclear, the patient was not transferred to the OPC but rather referred to the regular ICU for further support and assessment by an independent critical care team.
Brain scintigraphy and angiography are accessible when warranted to corroborate a diagnosis of brain death. The OPC also has immediate access Figure 1 : Structure of the OPC and the donation process. DBD, donation after brain death; DCD, donation after cardiac death; OPC, organ procurement center; OR, operating room; ORC, organ retrieval center.
to all necessary diagnostic procedures to evaluate organs, such as bronchoscopy, coronary angiography, ultrasonography, computed tomography, magnetic resonance imaging, and organ biopsies. Numerous open lung strategies are available as part of the OPC, such as bronchoscopic cleaning, intermittent percussive ventilation, and recruitment maneuvers. Cardiac recruitment is also performed if necessary, using inotropic agents, glucose-insulin-potassium perfusions (12) , and intravenous levothyroxine (13) . Two kidney preservation and transport devices (LifePort capsules; Organ Recovery Systems, Chicago, IL), designed to provide improved kidney preservation, evaluation, and transport prior to transplantation, are also available onsite for the transplant teams.
Specialized dedicated nurses accompany grieving families and assist them in understanding the donation process and the differences between DBD and donation after cardiac death (DCD). A special effort is made to maximize the time families can spend at the bedside. In all cases, at the time of organ retrieval, the OPC's attending physician briefs all retrieval team members about the donor's medical and personal history.
Demographics and physiological data were collected from medical charts and the ICU database (SEMi Criticare; Montreal, Canada). We also recorded data for failed attempts at organ retrieval. We calculated the number of organs per patient and the number of transplantations. To allow comparison, we also measured the number of transplants achieved in relationship to the total population served in our reference corridor and reported this in terms of transplants (persons transplanted) per million population (PMP), which is the internationally accepted unit of comparison. If more than one organ was transplanted to the same recipient (e.g. liver-kidney, heart-lung), the event was nonetheless counted as one person transplanted. Expanded criteria donors (ECDs) of kidneys were defined as donors aged >60 years or aged 50-59 years and having two of the following features: hypertension, baseline serum creatinine >1.5 mg/dL, or death from cerebrovascular accident.
The total population (denominator) is crucial to such calculation. In Quebec, provincial service corridors regulate potential organ donor patient transfers to predetermined referral university centers. The HSCM ICU serves a total population corridor of 2.5 million persons (14) . This population corridor is divided into two categories: (i) an exclusive service corridor in which all patients from referring hospitals are transferred to our center for tertiary care, including trauma, neurosurgery, and organ donation, and (ii) a service corridor with hospitals referring some but not all of their patients to our ICU (incomplete denominator). We make the distinction between these corridors because the first represents the most precise evaluation of the proportion of persons and organ donation PMP given for which both the numerator and the denominator are known precisely (Figure 2) . We also performed a cohort trial over a 2-year period prior to OPC implementation to compare performance within the same corridors. Because some donors were referred from hospitals outside our usual population corridor, their data were analyzed separately. To compare the number of deceased donor transplants achieved by the OPC to international figures, we used the most recent data available from Newsletter Transplant (15) . For the province of Quebec, we used the provincial OPO publication (5, 16) .
Results
The OPC involved a total of 253 health professionals ( Table 1) . During the two first years of operation, between June 10, 2013, and June 9, 2015, 126 patients were referred to the OPC (Tables 2 and 3 ). The OPC was in service for a total of 3527 h during the first 2 years of operation. The OPC was actively managing donors from hospitals outside our service corridors for 760 h. The cohort of potential donors consisted of 71 male and 55 female donors with a mean age of 53 years (AE17 years), the oldest being 85 years and the youngest 15 years. The main causes of death included cerebral hemorrhage (32%), ischemic stroke (12%), brain anoxia (32%), trauma (23%), and cerebral tumor (1%).
Overall, 68 (54%) potential donors were referred from other hospitals, whereas 58 (46%) patients came from our own ICU. In total, 28 potential donors were referred to the OPC from outside its exclusive service corridor, accounting for 41% (28 of 68) of transferred patients. Of the 61 potential DBD donors from other centers, 25 (41%) were transferred after family consent for potential organ donation but before a confirmed diagnosis of brain death (withdrawal of active care by the referring team with sustained life support while waiting for brain death confirmation).
Of the 126 potential donors admitted to the OPC, 103 (82%) were converted to actual donors. DBD accounted for 86 (83%) of our donors, whereas 17 (17%) underwent DCD. Overall, we were able to retrieve 173 kidneys, 95 lungs, 68 livers, 37 hearts, and 13 pancreases. We achieved a mean of 3.94 organs per donor for DBD (4.70 for standard criteria donor [SCD] and 2.80 for ECD) and 2.80 organs per donor for DCD.
Of the 386 organs retrieved, 79 (20%) were from patients admitted from outside the OPC service corridor, and 307 (80%) were from within (Table 4) . Overall, 277 organs were retrieved from the exclusive corridor donors and were transplanted to 237 recipients, representing 124.6 persons transplanted PMP. Details of populations served and transplants obtained for each group are represented in Figure 2 .
Comparing the 2-year period before and after the CPO implementation, the number of persons transplanted We observed a net increase in transplantation and organs available during the same period in the province of Quebec. The number of donors increased from 275 to 311, and the total number of transplantations increased from 815 to 945 during the 2 years of this study. The OPC covers only one of the seven adult organ donation service Two patients were too unstable and had multiorgan dysfunction, so the donation process was terminated. In two other cases, the renal vasculature of the donor's kidneys (the only transplantable organs) was found on retrieval to be too calcified for adequate transplantation. Finally, the process was aborted in one case because of the transplant team's ethical qualms and logistical problems. The patient was a middle age man who had a high spinal cord injury and was ventilator dependent. After several weeks of ventilatory support, the patient decided he did not want to live under these conditions. A decision to withdraw care was made by the patient and his relatives. He then requested to have access to organ donation; therefore, he was transferred to the OPC after the usual processing with the provincial OPO was completed. After organ allocation, however, all members of the surgical team involved did not feel comfortable proceeding, given that the patient had no brain injury. The organ donation process was aborted, and the patient was offered palliative care.
Discussion
In the first 2 years of operation of this specialized OPC, we observed a remarkable number of referrals, a high conversion of referrals to organ donors, and a substantial total number of organs retrieved. The number of transplants PMP strongly suggests that the OPC is an effective strategy to improve organ donation. This conclusion is further supported by the fact that this number of transplants PMP (n = 1246) is an improvement from our own number of transplants PMP (93.1) obtained in the 2 years prior to OPC implementation.
As described in the results, the OPC supplied 386, or 36%, of the 1074 organs transplanted in Quebec during the 2 years of our study. The 124.6 persons transplanted PMP represent a substantial difference compared with the 50.2 transplants PMP reported in Canada in 2013 (14) , and the 53.8 persons transplanted PMP in Quebec in 2014 (5, 16) . This result even surpasses the 80.2 transplants PMP in Spain, which is considered one of the leading countries in the field (15) . These numbers are encouraging compared with the transplantation rates in other developed countries (Table S1 ) (15) .
In Canada, after family refusal to consent, the greatest obstacle to organ donation appears to be physician related (4) . Adopting a proper and respectful approach to families has been shown to increase consent rates (17, 18) . Delays in organ donation can cause families to withdraw their consent (19) . We believe that organizations like the OPC reduce delays in organ donation by decreasing time for donor identification, initiation of ODM, and the attribution process. Increased exposure of organ donation staff within the OPC could also enable better physician and ICU staff interactions with families and thus increase the consent rate.
Other barriers related to physicians themselves exist. Potential donors are sometimes never referred for donation because the attending physician does not consider them eligible (4, 20) . The limited resources in certain ICUs lead physicians to preferentially treat living patients (8, 21) . Potential donors also fail to convert because physicians may be uncomfortable managing them because of limited exposure (10,11); brain death occurs in only 1-2% of all deaths. Although education of physicians about organ donation, brain death, and ODM could help resolve these issues (4, 18) , it appears that increasing accessibility to ODM services and ICU beds could effectively alleviate many of these barriers simultaneously. During the period of this study, we admitted 28 potential donors from outside our exclusive service corridor. The increased accessibility to ICU beds clearly enabled such references. Other institutions around world reported similar results. The organ procurement center in St. Louis, for example, noticed that donor referrals, including those from hospitals >80 miles away, increased substantially over the 10-year period following the creation of the center (7, 8) . This increased the pool of potential donors and retrieved organs.
Recent publications showed that ODM provided by physicians specialized in organ donation increased not only the number of organs procured but also the quality of these organs (3, 9) . In Australia and the United Heart  30  7  37  Lung  71  24  95  Kidney  140  33  173  Liver  56  12  68  Pancreas  10  3  13  Intestine  0  0  0  Total  307  79  386 OPC, organ procurement center.
Kingdom, use of specialized physicians was associated with 56% and 47% increases, respectively, in organ donation over 5 years (1) . Although these improvements were linked with reorganization of the organ donation process in these countries, a center in Pittsburgh, Pennsylvania, showed a significant increase in the number of transplantable organs after implementing an intensivistled team dedicated to ODM, without making any other organizational changes (2) . Many ODM procedures that are meant to maintain optimal organ function have increased in complexity. This implies that the involvement of an experienced intensive care physician early in the donation process is crucial for the conversion of each and every donor (18, 22, 23) . Another factor that could explain the success of the OPC is the conversion of profoundly marginal donors. These particular donors are those who could not have been successfully converted were it not for the team efforts, concentration of expertise, and resources available at the OPC (24).
A similar OPO facility in St. Louis recently published its results regarding efficiency and organ recovery cost (7) . That facility demonstrated a 27.5% increase in organ recovery and a 51% decrease in donor recovery cost over a 6-year period. In 2012, the National Institute for Excellence in Health and Social Services examined the costs incurred by the Canadian government to treat chronic renal failure (25) . This report estimated the annual cost per hemodialysis patient to be Can$55 200 (US $41 896) and the cost of kidney transplantation from a nonliving donor to be Can$37 600 (US$28 538) the first year and Can$8100 (US$6147) per year thereafter. We believe that given the sizable amount of transplants we achieved (173 kidneys), organizations like the OPC might potentially be cost-effective in a single-payer system; however, further cost-effectiveness studies are needed to confirm this hypothesis. Another beneficial effect of this organization is the ethical clarity during the donation process. The hospital in which the OPC operates does not offer transplant or posttransplant services, and organs are retrieved by visiting surgeons from other hospitals. As such, there is a clear degree of separation between the OPC team and the organ receivers (1).
Further evaluation is needed in coming years to confirm that these results are reproducible over time. The main limitation is related to the single-center nature of our experiment. It would be interesting to explore the reproducibility of these results in other settings. Structuring and maintaining such a specialized OPC involves a multitude of dedicated professionals and significant challenges.
Conclusion
Performance analysis of the first 2 years of a specialized OPC demonstrated the potential to substantially increase the number of organs available for transplantation. We believe that the large number of transplants achieved by the OPC shows that this organizational model is efficacious and should be incorporated into future efforts to improve the entire organ donation process. Furthermore, such an organization provides a unique opportunity to develop clinical research in organ donation because a relatively uncommon population is referred to a single center. Further studies are needed to understand the exact influence of the different components of the OPC and to investigate cost-effectiveness.
